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S U M M A R Y
Objectives: Clinical performance measurement in surgical antibiotic prophylaxis (SAP) was implemented
as part of a national hospital evaluation program (NHEP) in Korea in 2007. This study investigated
changes in SAP quality before and after the implementation of clinical performance measurement.
Methods: The medical records of patients who underwent three types of surgery that were included for
assessment in the NHEP (NHEP surgery) – arthroplasty, gastrectomy, and hysterectomy – and two other
types of non-NHEP assessment surgery – craniotomy and spine surgery (non-NHEP surgery) – at six
hospitals, from August to October in 2006–2008, were retrospectively reviewed. Three clinical indicators
of SAP (antibiotic selection, timing of administration of the ﬁrst dose, and duration) and the development
of surgical site infections (SSIs) were compared before and after implementation.
Results: A total of 1949 patients were enrolled: 356 arthroplasty, 273 gastrectomy, 615 hysterectomy,
168 craniotomy, and 537 spinal surgery. There were no signiﬁcant changes in age, gender, wound class,
or ASA score for each surgery during the study period. From 2007, SAP quality was signiﬁcantly improved
in NHEP surgery for the three clinical indicators. The timing of administration of the ﬁrst dose was most
markedly improved. SAP quality was also improved in non-NHEP surgery, but not as much as in NHEP
surgery. Changes in the SSI rates for each surgery were not signiﬁcant.
Conclusions: Hospital evaluation using clinical performance indicators can considerably improve the use
of SAP. Further studies are warranted to investigate whether this hospital evaluation will decrease the
development of SSIs.
 2011 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
Surgical site infections (SSIs) are the leading cause of
nosocomial infections,1 and the development of SSIs results in
prolonged hospital stay, extra costs, and increased morbidity and
mortality.2 Surgical antibiotic prophylaxis (SAP) for selected
surgical procedures is recommended for the prevention of SSIs.3
In recent decades guidelines have been developed to promote a
rational use of SAP.4–7 However, in many countries the use of SAP is
not always optimal.8–11 For example, in a retrospective study
conducted in Korea in 2004, only 15 (0.8%) of 1895 patients who
underwent a major surgical procedure received appropriate
prophylactic antibiotics.12§ This study was presented as an abstract at the 20th European Congress of
Clinical Microbiology and Infectious Diseases, Vienna, Austria, 2010 (abstract No.
P1335).
* Corresponding author. Tel.: +82 2 950 8863; fax: +82 2 950 1955.
E-mail address: kimbn@paik.ac.kr (B.-N. Kim).
1201-9712/$36.00 – see front matter  2011 International Society for Infectious Disea
doi:10.1016/j.ijid.2011.11.010Studies of intervention programs using local13–15 or national
guidelines16,17 have indicated the signiﬁcant improvements in
outcome associated with the use of SAP. However, the impact of a
nationwide evaluation program using clinical performance indi-
cators on the use of SAP has not yet been studied. In Korea, the
clinical performance measurement of SAP was implemented in
2007 as a part of the national hospital evaluation program (NHEP).
This study analyzed changes in the use of SAP before and after
the implementation of the NHEP using clinical performance
indicators, to evaluate its impact on the quality of SAP.
2. Methods
2.1. Implementation of the NHEP and assessment of SAP
The Korean health authorities ﬁrst implemented a NHEP in
2004 to improve the quality of healthcare services and patient
safety. All hospitals with more than 100 beds are subject to
mandatory evaluation and should undergo re-evaluation every
3 years. In 2007, quality assessment of SAP using clinicalses. Published by Elsevier Ltd. All rights reserved.
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phase of the NHEP. The NHEP determined the types of operations
to be assessed and the period for evaluation. Each hospital
searched for cases based on operation codes for reimbursement of
national medical insurance, and registered all data on SAP in a
web-based registration system developed by the NHEP. The NHEP
retrospectively audited the registered data and the results of
clinical performance indicators were ofﬁcially reported to the
public as well as to each hospital.
Clinical performance indicators for SAP were as follows: (1) the
proportion of patients receiving an unfavorable antibiotic choice,
(2) the proportion of patients receiving prophylactic antibiotics
within 1 h before skin incision, and (3) the duration of SAP after the
end of surgery. In this program, unfavorable antibiotic choice was
deﬁned as a third-generation cephalosporin, aminoglycoside,
combination of double beta-lactams, combination of beta-lactam
with aminoglycoside, and combination of vancomycin with other
antibiotics. The following procedures performed from August to
October 2007 were included for assessment in the NHEP: cardiac
surgery, replacement arthroplasty of the hip or knee, colorectal
surgery, hysterectomy, and gastrectomy.
2.2. Study patients
This study was conducted at six university-afﬁliated hospitals
nationwide that had participated in the NHEP in 2007. All patients
who underwent three types of surgery (NHEP surgery), which
included replacement arthroplasty of the hip or knee, gastrectomy,
and hysterectomy, from August to October 2007, were enrolled.
Patients who underwent craniotomy and spinal surgery (non-
NHEP surgery), which were not included in the NHEP but which
were performed during the same period, were enrolled for
comparison. Colorectal surgery and cardiac surgery were not
included in this study due to complexities in assessing the
appropriateness of antibiotic selection and the highly variable
number of cases in the hospitals, respectively. To characterize
changes in the use of SAP before and after implementation of the
NHEP, patients who underwent these ﬁve procedures during the
same calendar months in 2006 (pre-implementation) and 2008
(post-implementation) were enrolled. For three hospitals, data
were collected only in one of the three months each year because
the monthly numbers of surgeries performed were higher than
those in the other hospitals. The following patients were excluded
from the study: (1) patients aged <15 years; (2) patients who had
received antibiotic therapy for the treatment of infection before
the surgical procedure; (3) patients who had postoperative
infections such as pneumonia, urinary tract infection, or blood-
stream infection, except for SSI, which developed ﬁrst only after
the current surgical procedure; (4) patients who underwent
surgery because of trauma; (5) patients who had a dirty infected
wound as deﬁned by the wound contamination class;18 (6)
patients who underwent another operation at the same time;
and (7) patients whose medical records did not contain reliable
data.
2.3. Data collection
The following data were obtained from the medical records:
gender, age, body weight, height, serum concentration of creati-
nine, admission date, operation date, discharge date, wound
contamination class,18 American Society of Anesthesiologists
(ASA) score,19 and duration of surgery. For SAP, the type and
dosage of antibiotics, route of administration, time of administra-
tion of the ﬁrst dose and subsequent doses, time of skin incision,
and duration of SAP after the end of surgery were extracted. The
appropriateness of antibiotic dosage for non-obese patients wasassessed according to the dose usually recommended by the drug
formulary. In the case of an obese patient (body mass index
25 kg/m2), only higher doses (e.g., cefazolin 2.0 g) were regarded
as appropriate. The necessity for additional intraoperative doses
was evaluated based on each patient’s serum concentration of
creatinine and the half-life of the antibiotics. Additional doses are
usually recommended when the surgical procedure lasts more
than twice the half-life of the antibiotic used in a patient with
normal renal function. Records suggesting the development of an
SSI during the admission and in the post-discharge follow-up
period were noted, if available. SSI was deﬁned as an infection
occurring within 30 days after surgery or within 1 year in the case
of implant surgery, in accordance with the deﬁnition of the US
Centers for Disease Control and Prevention.20
2.4. Statistical analysis
The Chi-square test was applied to detect systematic differ-
ences in qualitative variables, and the one-way analysis of variance
(ANOVA) test was applied to quantitative variables. Signiﬁcance
was set at p < 0.05. The analysis was conducted using SPSS 17.0 for
Windows (SPSS, Chicago, IL, USA).
3. Results
3.1. Demographic characteristics
Of 2185 eligible patients during the 3-y period, 1949 (89.2%)
were included in the study. The mean number of enrolled patients
per hospital was 324 (range 264–459). The overall numbers of
patients for each type of surgery were: 356 (18.3%) replacement
arthroplasty of the hip or knee, 273 (14.0%) gastrectomy, 615
(31.6%) hysterectomy, 168 (8.6%) craniotomy, and 537 (27.6%)
spinal surgery. The yearly distribution of the types of surgery did
not change signiﬁcantly during the 3-year study period (p = 0.19).
There were no statistically signiﬁcant differences in mean age or
the distribution of gender, wound contamination class, or ASA
score for each type of surgery during the study period, except for
mean age in spinal surgery (Table 1). A trend towards a decrease in
the mean duration of surgery over the 3-year study period was
identiﬁed, and the decrease was statistically signiﬁcant for
arthroplasty and spinal surgery.
3.2. Changes in the use of SAP
3.2.1. Antibiotic selection
In 2006, the use of unfavorable antibiotics for SAP was observed
in 76.3–100% of the study patients, depending on the surgery
(Table 2). However, the use of unfavorable antibiotics in NHEP
surgery signiﬁcantly decreased to 28.9–35.3% overall in 2007–
2008. A reduction in the use of unfavorable antibiotics was also
observed in non-NHEP surgery. In NHEP surgery, third-generation
cephalosporin as a prophylactic antibiotic was administered in
43.5% of the patients in 2006 and its use dramatically decreased to
1.2–5.0% in 2007–2008. In non-NHEP surgery, the rates of third-
generation cephalosporin use also decreased signiﬁcantly, but not
as much as in NHEP surgery (51.3% in 2006 vs. 37.4–38.3% in 2007–
2008). In 2006, prophylactic antibiotics were prescribed in
combination in 63.4% of NHEP surgeries, most frequently involving
a cephalosporin and an aminoglycoside antibiotic. The rate of
antibiotic combination in NHEP surgery decreased to 9.3–10.1% in
2007–2008. The rates of antibiotic combination in non-NHEP
surgery also decreased signiﬁcantly, but not as much as in NHEP
surgery (38.0% in 2006 vs. 26.8–33.5% in 2007–2008).
Antibiotics were used for irrigation of surgical wounds during
operations in 12.4% of NHEP surgeries in 2006, and the rates of
Table 1
Demographic characteristics of patients according to the surgical procedure, 2006–2008
Procedure Characteristic Year p-Value
2006 2007 2008
Arthroplasty Number 115 125 116 -
(n = 356) Gender M:F 34:81 23:102 27:89 0.13
Age (years), mean  SD 68  12 68  12 67  12 0.57
Wound contamination classa 115:0:0 125:0:0 116:0:0 -
ASA scoreb (1:2:3:4:5) 27:57:26:2:1 30:78:17:0:0 26:72:18:0:0 0.17
Duration of surgery (min), mean  SD 137  57 119  46 104  41 <0.01
Gastrectomy Number 99 89 85 -
(n = 273) Gender M:F 67:32 57:32 57:28 0.86
Age (years), mean  SD 59  13 60  13 60  11 0.78
Wound contamination classa 0:99:0 0:89:0 0:84:1 -
ASA scoreb (1:2:3:4:5) 50:42:4:1:0 42:37:7:2:0 43:41:1:0:0 0.71
Duration of surgery (min), mean  SD 208  73 202  72 191  69 0.27
Hysterectomy Number 207 211 197 -
(n = 615) Gender M:F 0:207 0:211 0:197 -
Age (years), mean  SD 49  10 49  10 49  9 0.86
Wound contamination classa 0:207:0 0:211:0 0:197:0 -
ASA scoreb (1:2:3:4:5) 151:39:5:1:0 146:61:3:1:0 142:53:2:0:0 0.64
Duration of surgery (min), mean  SD 126  68 121  60 116  60 0.28
Craniotomyc Number 55 53 60 -
(n = 168) Gender M:F 25:30 34:19 33:27 0.15
Age (years), mean  SD 53  14 54  14 50  17 0.38
Wound contamination classa 55:0:0 53:0:0 60:0:0 -
ASA scoreb (1:2:3:4:5) 21:20:2:2:8 11:9:10:10:13 20:20:11:8:1 0.88
Duration of surgery (min), mean  SD 220  105 197  65 211  111 0.47
Spinal surgeryc Number 179 153 205 -
(n = 537) Gender M:F 93:86 81:72 116:89 0.63
Age (years), mean  SD 56  14 52  14 55  14 0.04
Wound contamination classa 179:0:0 153:0:0 205:0:0 -
ASA scoreb (1:2:3:4:5) 100:68:9:0:1 78:68:5:1:0 103:85:16:0:1 0.20
Duration of surgery (min), mean  SD 197  96 169  94 190  90 0.02
SD, standard deviation; ASA, American Society of Anesthesiologists.
a Ratio of wound contamination class, clean:clean–contaminated:contaminated.
b ASA score was not available for some surgical patients.
c Craniotomy and spinal surgery were not included for assessment in the national hospital evaluation program (NHEP).
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in 2007 and 8.8% in 2008). Antibiotic irrigation was performed
mainly in arthroplasty, among the NHEP surgeries. In non-NHEP
surgery, antibiotic prescription for irrigation was commonly found
in 2007–2008 (68.4% and 54.7%), as well as in 2006 (69.2%).Table 2
Changes in clinical performance indicators for surgical antibiotic prophylaxis and surg
Procedure Parameter of SAP Ye
20
Arthroplasty Unfavorable antibiotic choice (%) 
(n = 356) First administration 1 h (%) 
Duration of SAP (days), mean  SD 22
SSI ratea (per 100 operations) 
Gastrectomy Unfavorable antibiotic choice (%) 
(n = 273) First administration 1 h (%) 
Duration of SAP (days), mean  SD 1
SSI ratea (per 100 operations) 
Hysterectomy Unfavorable antibiotic choice (%) 
(n = 615) First administration 1 h (%) 
Duration of SAP (days), mean  SD 1
SSI ratea (per 100 operations) 
Craniotomyb Unfavorable antibiotic choice (%) 
(n = 168) First administration 1 h (%) 
Duration of SAP (days), mean  SD 14
SSI ratea (per 100 operations) 
Spinal surgeryb Unfavorable antibiotic choice (%) 
(n = 537) First administration 1 h (%) 
Duration of SAP (days), mean  SD 1
SSI ratea (per 100 operations) 
SAP, surgical antibiotic prophylaxis; SD, standard deviation; SSI, surgical site infection
a Surgical patients without follow-up of at least 1-month duration after surgery wer
b Craniotomy and spinal surgery were not included for assessment in the national h3.2.2. Timing of administration of the ﬁrst antibiotic dose
In 2006, only 12.3–33.7% of surgical patients received SAP an
hour or less before skin incision (Table 2). However, the proportion
of ﬁrst antibiotic doses administered within 1 h before skin
incision was almost 100% in NHEP surgeries after implementationical site infection rates, 2006–2008
ar p-Value
06 2007 2008
99.1 72.8 48.3 <0.01
12.3 94.4 99.1 <0.01
  10 10  7 9  6 <0.01
3.6 3.3 1.9 0.44
100.0 28.1 51.8 <0.01
33.7 97.7 97.6 <0.01
2  8 7  3 9  5 <0.01
6.1 4.5 6.1 0.96
76.3 16.1 7.7 <0.01
33.1 96.6 97.4 <0.01
3  3 7  5 7  5 <0.01
3.5 2.4 2.1 0.39
100.0 84.9 76.7 <0.01
25.5 52.8 50.9 0.01
  11 12  7 10  7 0.06
5.9 0 1.8 0.19
100.0 97.4 94.1 <0.01
13.1 73.0 79.9 <0.01
7  8 13  9 14  10 <0.01
4.6 5.3 2.5 0.28
.
e excluded from the analysis of SSI.
ospital evaluation program (NHEP).
Figure 1. Changes in the time to discontinuation of surgical antibiotic prophylaxis after the end of surgery according to the surgical procedure, 2006–2008. Squares, circles,
and triangles denote the cumulative percentage of cases in 2006, 2007, and 2008, respectively.
E.S. Kim et al. / International Journal of Infectious Diseases 16 (2012) e187–e192e190of the NHEP for SAP quality in 2007. The quality of timing of the
ﬁrst dose was improved even in non-NHEP surgery (from 13.1–
25.5% to 50.9–79.9%), but not as much as in NHEP surgery.
3.2.3. Duration of SAP
Changes in the time to discontinuation of SAP after the end of
surgery are shown in Figure 1. The duration of SAP decreased both
in NHEP surgery and in non-NHEP surgery after implementation.
For most of the types of surgery, the decrease was more prominent
in 2007 than in 2008. Even though the duration of SAP signiﬁcantly
decreased overall, antibiotics were discontinued within 24 h after
the end of surgery for only 12 (0.6%) among 1949 surgical patients
during the study period. The mean duration of SAP after the end of
surgery in NHEP surgery was 12–22 days before the evaluation,
and it decreased to 7–10 days in 2007–2008 (Table 2). The mean
duration of SAP in non-NHEP surgery also decreased, but the
decrease was statistically signiﬁcant only for spinal surgery.
3.2.4. Initial antibiotic dose and additional doses
In the case of favorable antibiotic choice (33.1%, 645/1949), the
initial antibiotic dose was appropriate in 98.8% (637/645).
Additional intraoperative doses were administered to none of
the 123 patients (19.1%) with normal renal function whose surgical
procedure lasted more than twice the half-life of the antibiotic
used.
3.2.5. SSI rates
Among a total of 1949 patients, 1890 (97.0%) whose medical
records were available for at least 1 month after surgery wereanalyzed for SSIs. For arthroplasty and spine surgery, in which
implants were frequently inserted, only 51.3% and 38.8% of
patients, respectively, were followed up for 1 year after surgery.
The SSI rates showed a decrease in some types of surgeries during
the 3-year study period, although this was not statistically
signiﬁcant (Table 2).
4. Discussion
In this multicenter study, the major parameters of SAP were of
poor quality both in NHEP surgery and in non-NHEP surgery before
the hospital evaluation program for SAP (Table 2). These results are
compatible with the results of a previous study in Korea which
showed that most surgical patients received inappropriate SAP.12
However, the NEHP using clinical performance indicators resulted
in a dramatic improvement in the use of SAP in major surgery in
2007, and this improvement has continued since the implementa-
tion of the NHEP.
Measuring standardized clinical performance indicators and
comparative feedback is a well-known strategy for quality
improvements in healthcare services.21,22 For example, a national
1-year collaboration of 56 hospitals in the USA that participated in
a project of surgical infection prevention showed improvements in
the performance of appropriate antimicrobial agent selection,
timing, and duration.23 Another study reported that national
quality measurement using speciﬁc clinical indicators for lung
cancer has resulted in signiﬁcant improvements in the quality of
care in Denmark since 2003.24
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for SAP were evaluated before and after the implementation of the
hospital evaluation program. There was signiﬁcant improvement
in three NHEP parameters for SAP, especially in the timing of
administration of the ﬁrst dose (Table 2). The importance of timely
administration of preoperative antibiotics is well-established.25 In
2006, inappropriate timing of antibiotic administration was mostly
due to ‘timing too early’. This was because antibiotics were
administered to the patients in wards on call in spite of frequent
delays in surgery. However, the appropriateness of the timing of
administration of the ﬁrst antibiotic dose was most markedly
improved in NHEP surgery from 2007. All the study hospitals have
modiﬁed the SAP process, and anesthesiologists have administered
the antibiotics to the patients intravenously during induction of
anesthesia in the operation room since 2007. This change at each
hospital presumably led to the dramatic improvement in the
quality of timing of administration in non-NHEP surgery as well as
in NHEP surgery.
However, the quality improvement in timing of the ﬁrst
antibiotic dose in non-NHEP surgery was not as great as in NHEP
surgery, despite reforms of the SAP process in the study hospitals.
Non-NHEP surgery was performed more frequently in emergency
settings than NHEP surgery (16.2% vs. 1.1%), and antibiotics were
administered in the emergency room or on the wards in a
substantial number of cases. This could be a possible cause of the
relatively low adherence to the correct timing of administration in
non-NHEP surgery. Our results emphasize and conﬁrm the key
roles of anesthesiologists and the importance of communication
between surgeons and the anesthesiologists for the timely
administration of antibiotics.17
Even though both the proportion of patients who received
unfavorable prophylactic antibiotics and the mean duration of SAP
after the end of surgery have signiﬁcantly decreased in Korea since
2007, adherence to established international guidelines4–7 for SAP
remains far from optimal in three respects. First, antibiotic
irrigation during the operation is commonly performed, especially
in orthopedic surgery. There is no convincing evidence supporting
antibiotic irrigation to prevent SSIs in orthopedics,26 and no
established guidelines for SAP recommend this.4–7 Second, the
proportion of cases for whom prophylaxis was discontinued within
24 h after surgery was minimal, even after implementation of the
SAP assessment (Figure 1). Most of the published guidelines
recommend that SAP should be shortened to a maximum of 24 h
after the end of surgery, even as little as one dose, except in cardiac
surgery.4–7 In spite of the longer use of SAP in the present study,
some recent randomized controlled trials in Korea have demon-
strated that shorter and longer durations of SAP are comparable for
preventing SSIs.27,28 Third, an absence of intraoperative redosing
was the other important issue of SAP inappropriateness in the
present study. Additional doses of antibiotics are generally
recommended if the duration of the surgical procedure is longer
than twice the half-life of the antibiotics.29 However no patients
received additional doses in this setting.
The current study was confounded by several limitations. The
results do not necessarily reﬂect nationwide changes for SAP in
Korea because only six hospitals participated in the study.
However, the situation in other hospitals may not be very different
from the study institutions, which showed uniform improvements
in SAP quality in NHEP surgery during the study period. Moreover,
most Korean hospitals are subject to mandatory participation in
the NHEP, including an ofﬁcial report describing the quality of SAP
at each hospital in 2007, and this nationwide surveillance might
have created considerable pressure on each hospital to improve
their SAP quality. Second, changes in utilization and costs of
prophylactic antibiotics could not be analyzed because this study
was performed retrospectively using medical records from varioushospitals in different situations. Third, we also failed to demon-
strate a statistically signiﬁcant decrease in SSI rates across the
period in spite of improvements in the quality of SAP during the
study period (Table 2). The numbers of SSI cases for each surgical
procedure were too small to have statistical power. Moreover, we
did not consider other risk factors for SSIs, such as patient
underlying conditions, details of each operative procedure in spine
surgery and craniotomy, and whether the surgery was a primary or
revision procedure in arthroplasty. A prospective study that
includes a larger number of cases for the surgical procedures is
necessary to analyze the inﬂuence of quality improvements in SAP
on the development of SSIs.
In conclusion, this study showed that an NHEP using clinical
indicators led to considerable improvements in the quality of SAP
in major surgery in Korea. Further interventions will be necessary
to improve the quality of SAP, such as education programs for
healthcare workers, long-term monitoring of SAP and feedback,
and the development of medical policies to limit unfavorable
antibiotic selection and inappropriately prolonged SAP.
Conﬂict of interest: All authors report no conﬂicts of interest
relevant to this article.
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